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Results

218
Cloning and Expression Pattern of the SmSPR1 Genes 219 A total of six SmSPR1 genes were identified according to the sequences of the Arabidopsis SPR1 220 family genes (Nakajima et al., 2006; Sedbrook et al., 2004) . These SmSPR1s were then isolated from S. 221 matsudana using PCR-based approaches with gene-specific primers ( Supplemental Table S1 ). We 222 named these Salix SPR1 genes as SmSPR1 and SmSPR1-LIKE genes (SmSPR1_L1-SmSPR1_L5) based 223 on their amino acids sequence identity and phylogenetic relationship with Arabidopsis SPR1 family 224 genes ( Fig. 1A) . All Salix and Arabidopsis SPR1s were classified into three classes (designated to Class 225 I-III): Class I included Salix SPR1, SPR1_L3, SPR1_L4, with Arabidopsis SPR1 and SPRL2; Class II 226 consisted of Salix SPR1_L1 and SPR1_L2 and Arabidopsis SPR1L3, SPR1L4 and SPR1L5; and Class 227 III comprised Salix SPR1_L5. Salix SPR1 and its homolog sequences shared N-and C-terminal regions 228 except SmSPR1_L5, and the outgroup position of SmSPR1_L5 may be due to the absent of conserved 229 C-terminal region (Fig. 1B) . Highly conserved repeat amino acids sequences were observed at the N-230 and C-termini in SmSPR1, L1, L2, and L4, with the consensus motif being GGG/DQ/SSSLG/DY/FLFG 231 ( Fig. 1B) . At the C-terminal of this conserved motif, the PGGG sequence is present in many mammalian 232 MAPs and is a conserved binding sequence of microtubules (Nakajima et al., 2004) . 233 To determine SmSPR1 expression level at different tissues, we conducted a qRT-PCR-based 234 tissue-specific transcript abundance analysis of five tissues (shoot tips, xylem, phloem, leaves, and roots) 235 9 from three trees with gene-specific primers, and the transcript expression level of six Salix SPR1 genes 236 are shown in Fig. 1C . Class I SPR1 gene had the highest expression level and was detected at almost 237 equal levels in all tissues tested. SPR1_L3 and SPR1_L4, which also belong to Class I, were expressed in 238 all tissues, with a moderate transcript level compared to SPR1. The expression levels of Class II 239 SPR1_L1 and SPR1_L 2 were significantly lower than those of the Class I genes, and extremely low 240 transcript levels were observed in the roots of SPR1_L2 and SPR1_L5. The relative expression levels of 241 Class I SPR1 members were higher than those of Class II and III SPR1 members, suggesting the Class I 242 SPR1 family genes, especially SmSPR1, is the major gene in Salix, similar to the results of Arabidopsis 243 AtSPR1, which also had a predominant transcript level in all tissues tested (Nakajima et al., 2004) .
244
To further obtain details on the tissue specific expression pattern of SmSPR1, we generated transgenic 245 tobaccos (Nicotiana tabacum) of P SmSPR1 : GUS which were then stained for GUS for GUS activity test.
246
Strong GUS activity was observed at the internodes of stems, including phloem, cambium, and xylem, 247 but not in epidermal cells (Fig. 1D ). Midveins at each internode were also stained for GUS activity, and 248 a similar expression pattern was obtained as that observed in the stems; GUS staining was also observed 249 in vascular tissues, which included strong GUS staining in the phloem, moderate GUS staining of the 250 cambium and xylem, and negative GUS staining of the epidermal cells ( Fig. 1E ). Axillary buds and root 251 tips showed significantly strong GUS activity in all tissues tested (Figs. 1F, G), indicating that SmSPR1 252 has a high transcript expression level in the meristem and elongation zone. Transgenic tobacco seedlings, 253 which were grown both in the dark and under continuous light, were also stained for the GUS activity.
254
Strong GUS activity was detected in the hypocotyls and roots of dark-grown seedlings (Fig. 1H ), and 255 high SmSPR1 expression levels were detected in the shoot tips and roots of seedlings grown in light 256 conditions ( Fig. 1I ).
257
To investigate the subcellular localization of SmSPR1, A P35S-SmSPR1-GFP fusion construct were 258 generated and transiently expressed in Arabidopsis using a A. tumefaciens-mediated transformation 259 approach. In non-plasmolyzed Arabidopsis leaf epidermal cells, the SmSPR1-GFP fusion protein was 260 detected in the cell periphery, nuclei, and cytoplasm, but not in chloroplasts ( Fig. 1J-M) . The subcellular 261 localization of SmSPR1 was examined by expressing the SmSPR1-GFP fusion protein in protoplasts 262 prepared from Arabidopsis suspension-cultured cells, which was observed as a strong fluorescence 263 signal, and the SmSPR1-GFP fusion protein was also observed in the cell periphery, nuclei, and 
